Obesity results from an imbalance between energy intake and expenditure. Furthermore, obesity has long been recognized to have detrimental effects on health including an increased risk of cardiovascular disease (CVD) [1] . In this regard, the recent cloning of the mouse (ob) and human (OB) obese genes and the characterization of its protein product, leptin [2] , has been a breakthrough of potentially great importance for the understanding of the pathophysiology of obesity.
Summary
The cloning of the obese gene and the characterization of its protein product, leptin, has permitted the study of a new hormone potentially involved in the regulation of adipose tissue mass. The present study examined the gender differences in fasting plasma leptin concentration and its relationship to body fatness, adipose tissue distribution and the metabolic profile in samples of 91 men (mean age ± SD: 37.3 ± 4.8 years) and 48 women (38.5 ± 6.8 years). Plasma leptin concentrations were strongly associated with body fat mass measured by underwater weighing [men: r = 0.80, p < 0.0001; women: r = 0.85, p < 0.0001]. In both genders, plasma leptin levels were also strongly correlated with waist girth as well as cross-sectional areas of abdominal subcutaneous and visceral adipose tissue measured by computed tomography. Women had, on average, plasma leptin concentrations that were three times higher than men. Furthermore, this gender difference remained significant when comparing men and women matched for similar levels of body fat mass. The associations between plasma leptin and lipoprotein concentrations were dependent of adiposity. In both men and women, elevated fasting plasma leptin levels were associated with higher plasma insulin concentrations, but only in women was the association maintained after correction for fat mass. Thus, results of the present study show that women have higher plasma leptin levels compared to men, independent of the concomitant variation in total body fat mass. Furthermore, our results also suggest that, in women, the association between plasma leptin and insulin concentrations is independent of adiposity, a finding which provides further support to the observation that adipose tissue leptin secretion may be upregulated by insulin. [Diabetologia (1997) 40: 1178-1184] believed to be regulated by insulin both in vivo and in vitro [3, 13, 22, 23] .
Thus, the objectives of the present study were: 1) to examine the potential relationships of body fat mass (FM) assessed by underwater weighing, plasma lipid levels, insulin as well as glucose concentrations, with plasma leptin levels in both men and women, and 2) to test the potential gender difference in plasma leptin levels when adjusting for the well-known gender difference in total adiposity. For this purpose, morphological and metabolic variables were measured in 91 men (mean age ± SD: 37.3 ± 4.8 years) and 48 women (38.5 ± 6.8 years), and associations with fasting plasma leptin examined.
Subjects and methods
Subjects. Ninety-one men (mean age ± SD: 37.3 ± 4.8 years) and 48 women (38.5 ± 6.8 years) were recruited through the media to participate in this study, which was approved by the medical ethics committee of Laval University and an informed consent document was signed by all participants. A complete physical examination, which also included medical history, was performed by a physician. All participants were nonsmokers and free from diseases requiring treatment. Exclusion criteria included diabetes, monogenic dyslipidaemias or evidence of coronary heart disease.
Anthropometric measurements. Weight, height, waist and hip circumferences were measured following the procedures recommended at the Airlie Conference [24] , and the waist-tohip ratio was calculated. Body density was measured by the hydrostatic weighing technique [25] , and the mean of six measurements was used in the calculation of body density. Percentage body fat was obtained from body density using the equation of Siri [26] .
Computed tomography. Computed tomography (CT) was performed on a Siemens Somatom DRH scanner (Erlangen, Germany) using previously described procedures [27, 28] . Briefly, the subjects were examined in the supine position with both arms stretched above the head. A single CT scan was performed at the abdominal level (between L4 and L5 vertebrae) with a scout abdominal radiograph used as a reference to establish the position of the scan to the nearest millimeter. Total AT area was calculated by delineating the area with a graph pen and then computing the AT surface with an attenuation range of -190 to -30 Hounsfield Units [27] [28] [29] . The abdominal visceral AT area was measured by drawing a line within the muscle wall surrounding the abdominal cavity. The abdominal subcutaneous AT area was calculated by subtracting the visceral AT area from the total abdominal AT area.
Oral glucose tolerance test. A 75-g OGTT was performed in the morning after an overnight fast. Blood samples were collected under EDTA and Trasylol (Miles, Rexdale, Ontario, CANA-DA) through a venous catheter from an antecubital vein at -15, 0, 15, 30, 45, 60, 90, 120, 150, and 180 min for the determination of plasma glucose and insulin concentrations. Plasma glucose was measured enzymatically [30] , whereas plasma insulin was measured by RIA with polyethylene glycol separation [31] . However, the assay used for the measurement of plasma insulin showed some cross-reactivity with proinsulin. As diabetes was an exclusion criteria in our study, we believe that such cross-reactivity did not have a significant impact on results obtained and their interpretation.
Plasma lipoprotein analyses.
Blood samples were obtained in the morning after a 12-h fast from an antecubital vein into vacutainer tubes containing EDTA. Plasma cholesterol (CHOL) and triglyceride (TG) levels in plasma and in lipoprotein fractions were measured enzymatically on an RA-1000 Autoanalyzer (Technicon, Tarrytown, N. Y., USA), as previously described [32] . VLDL (d < 1.006 g/ml) were isolated by ultracentrifugation, and the HDL fraction was obtained after precipitation of LDL in the infranatant (d > 1.006 g/ml) with heparin and MnCl 2 [33] . The cholesterol content of HDL 2 and HDL 3 subfractions was also determined after further precipitation of HDL 2 with dextran sulphate [34] . Total apolipoprotein (apo) B concentration was measured in plasma by the rocket immunoelectrophoretic method of Laurell, as previously described [35] . The lyophilized serum standard for apo B measurement was prepared in our laboratory and calibrated with reference standards obtained from the Centers for Disease Control (Atlanta, GA., USA).
Plasma leptin concentrations.
Fasting plasma leptin concentrations were determined with a highly sensitive commercial double-antibody RIA (Human Leptin Specific RIA Kit, LINCO Research, St.-Louis, MO., USA) which detects relatively low leptin levels of 0.5 ng/ml and which does not crossreact with human insulin, proinsulin, glucagon, pancreatic polypeptide or somatostatin. Our coefficients of variation for the repeated assays ranged from 4.0 to 5.5 % for lower leptin concentrations and from 6.5 to 8.5 % for higher plasma leptin concentrations.
Statistical analysis. Student's t-tests were used to examine gender differences. The same procedure was also used for the comparison of subgroups matched on the basis of body FM. In these analyses, we individually paired men (n = 26) and women (n = 26) for total body FM (within a maximal difference of 2 kg) and compared their respective fasting plasma leptin and insulin concentrations as well as their abdominal subcutaneous and visceral AT accumulation. Pearson product-moment correlation coefficients were used to examine associations among variables. All analyses were performed with the SAS statistical package (SAS Institute, Cary, N. C., USA).
Results
Physical and metabolic characteristics of subjects are shown in Table 1 . Indices of body fatness showed significant gender differences as percentage body fat and body FM (in kg) were higher in women compared to men. Women also showed higher levels of subcutaneous AT measured by CT compared to men. However, despite the fact that women displayed higher levels of total body fat than men, no significant gender difference was found in visceral AT accumulation. With the exception of lower plasma HDL-, HDL 2 -and HDL 3 -cholesterol concentrations and an increased CHOL/HDL-cholesterol ratio in men, no significant gender difference was noted in the remaining variables of the plasma lipid profile. Furthermore, men were characterized by higher insulin and glucose concentrations in the fasting state compared to women. However, plasma leptin concentrations were more than three times higher in women than in men.
In both men and women, plasma leptin levels showed strong correlations with adiposity. Figures 1  and 2 illustrate the relationships of plasma leptin concentrations to body FM and waist circumference ( Fig. 1) as well as to abdominal subcutaneous and visceral AT accumulation (Fig. 2) . For a given body FM (or any adiposity variables studied), women showed higher plasma leptin concentrations compared to men. We also observed substantial individual variation in plasma leptin levels among subjects with increased adiposity, whether it was evaluated by total body FM, waist girth, subcutaneous or visceral AT accumulation.
Although we observed significant associations between plasma leptin concentrations and lipid levels, statistical adjustment for body FM eliminated those relationships in both genders ( Table 2 ). The associations of plasma leptin concentrations with plasma insulin and glucose levels, either in the fasting state or following the oral glucose load are depicted in Table 3. As opposed to men, correction of the relationships with FM did not eliminate the significance of the association between plasma leptin and insulin concentrations in women.
To better examine the potential gender difference in plasma leptin concentrations, we have also compared men (n = 26) and women (n = 26) who were matched for their total body FM within a 2-kg difference. Figure 3 indicates that although subjects were closely matched for total body FM (mean˘SEM; men: 20.2 ± 1.8 kg vs women: 19.9 ± 1.8 kg), women showed plasma leptin levels which were approximately twice those found in men. Moreover, men displayed significantly higher fasting insulin levels and visceral AT accumulation compared to women. However, no gender difference was found in subcutaneous AT accumulation.
Discussion
The relationship of abdominal obesity to numerous metabolic disturbances identified as risk factors for the development of CVD, such as dyslipidaemias and NIDDM is well documented [1] . Moreover, although women have on average higher levels of body fat than men, their metabolic profile seems to be less affected by obesity. This is concordant with the results of the present study as women were characterized by a higher body fat content than men. However, despite the fact that women of the present study were fatter than the sample of men examined, they tended to show more favourable fasting plasma lipoprotein, insulin and glucose concentrations than men. This situation could perhaps be partly explained by the fact that women had more subcutaneous fat than men but showed no difference in visceral AT accumulation, this latter depot having been shown to be more closely related with alterations in the lipid profile as well as in the insulin-glucose homeostasis than excess fatness per se [36] . These results further emphasize the role of visceral fat as a correlate of the metabolic complications of obesity. In this regard, as a set of morphometric and metabolic variables was assessed in both men and women, the present study offered an opportunity to examine the potential associations of total body FM as well as of AT distribution indices to plasma leptin levels, and to test for potential gender differences in the magnitude of these relationships. The obese gene product, leptin, is secreted and exclusively expressed by AT [2, 9-13]. Numerous studies have now reported strong positive correlations between total adiposity and fasting plasma leptin concentrations or its AT mRNA levels [14] [15] [16] [17] [18] [19] [20] [21] . In the present study, an increased body FM was associated with higher plasma leptin concentrations in men and women. However, the slope of the relationship was steeper in women compared to men. This observation indicates that for a given total body FM, women show elevated plasma leptin concentrations compared to men. In our study, the associations between plasma leptin and lipid concentrations were dependent of the degree of obesity as statistical adjustment for body FM did eliminate the associations. This is concordant with previous studies that reported no relationships between plasma leptin and lipid concentrations after statistical adjustment for adiposity [37, 38] . We also found highly significant correlations between plasma leptin concentrations and insulin levels measured in the fasting state or following an oral glucose challenge. However, this relationship was only independent of adiposity in women. These results are concordant with several previous studies where it was reported that insulin administration in vivo or insulin in vitro could increase AT obese gene mRNA levels [3, 13, 22, 23] .
We also found a substantial difference in leptinaemia between men and women. Previous studies had suggested that this difference could be the result of the increased body fat content of women compared to men [14, 17, 20, [37] [38] [39] [40] [41] [42] . However, this gender difference remained after adjustment of leptin for adiposity, mostly BMI [14, 17, 20, 37, 38, [40] [41] [42] . In the present study, when women and men were matched for FM, a two-fold difference in leptinaemia remained, women having higher levels than men. It is also relevant to point out that women matched with men on the basis of body FM had lower plasma insulin levels than men. The understanding of the mechanism responsible for this phenomenon is beyond the scope of the present study and will require further investigation. However, gender differences in visceral AT could be suspected in men and women matched for total body fatness, lower values having been reported in women [43] . Indeed, in addition to higher plasma insulin concentrations, men also showed increased visceral AT accumulation compared to women. Thus, this elevated visceral AT depot, which is closely related to alterations in glucose-homeostasis [44] , may contribute to the hyperinsulinaemic state in men.
Increased leptin production has been reported in subcutaneous vs intra-abdominal AT depots [9, 45] . The well-known gender difference in AT distribution may account for some of the difference in leptin concentrations between men and women. However, in our study, men and women matched for FM displayed similar average levels of subcutaneous AT. Thus, it does not appear that increased subcutaneous AT in women is responsible for the difference in circulating leptin concentrations between men and women.
Recently, Rosenbaum et al. [39] have also reported a gender difference in leptin concentrations. They also observed a decrease in plasma leptin levels at menopause in women, but leptin concentrations in postmenopausal women remained higher than those found in men. In this regard, they proposed that oestrogen and/or progesterone could affect leptin levels resulting in elevated leptin concentrations in premenopausal women. Furthermore, they also proposed that the lower leptin levels that are reported in men, compared to women, could be due to elevated androgen concentrations. This hypothesis requires further investigation.
Another issue that will have to be examined is whether the proportion of free vs bound leptin in the plasma could be different between men and women. Indeed, Sinha et al. [46] have reported a difference in the proportion of free vs bound (i. e. associated to binding proteins) leptin between lean and obese subjects. In this study, it was also noted that obese subjects had higher leptin concentrations compared to lean individuals, and that a majority of the leptin in circulation was in the free form. Since free leptin is believed to be the bioactive form, these observations provide further support for the leptin resistance theory in human obesity. In the present study, women had increased adiposity and higher plasma leptin concentrations compared to men. However, matching subjects on the basis of FM did not eliminate the gender difference in leptin levels. In our study, we were not able to quantify the contributions of the two forms of leptin (free vs bound) to the total circulating concentration. However, in the event that a gender difference in the proportion of free vs bound leptin contributed to elevated plasma leptin levels in women, results of the present study suggest that this phenomenon is unlikely to be the result of increased adiposity.
In summary, the results of the present study clearly indicate that women have increased plasma leptin levels compared to FM-matched men. Since plasma leptin concentrations were not related to alterations of the plasma lipoprotein concentrations which are known risk factors for CVD, it does not seem relevant to include leptinaemia in the set of metabolic risk factors for CVD. Although this study was obviously not designed to examine the mechanisms that are involved in the regulation of the obese gene expression in AT, the present results reinforce the notion that, in women, leptin production in AT is related to insulinaemia, and that this relationship is independent of FM. However, further studies are needed to identify factors responsible for the marked difference in leptinaemia among men and women with similar levels of total body fat.
